Summary A part of chromosome 5 from Arabidopsis thaliana, which has 36 genes, on yeast artificial chromosome (YAC) was transferred into tobacco BY-2 cells using a bio-active beads method. The YAC was constructed using the chromosome-splitting technique. The GFP gene located on the YAC showed repeated transient expression after transformation. Molecular analyses confirmed that 1 (At5g57980) of the 5 genes checked had transcribed in the tobacco BY-2 cells. This demonstrates that the promoter of this gene could work in both A. thaliana and tobacco BY-2 cells.
, we decided to find a common promoter in A. thaliana. Thirty-six A. thaliana genes with their native promoters were transferred simultaneously into tobacco BY-2 using bio-active beads. The A. thaliana promoters that work in tobacco BY-2 plants were then checked by RT-PCR analysis.
Materials and methods
A yeast strain, SH6286, with a 124 kb YAC containing a NPTII gene, GFP gene and a part of chromosome 5 from A. thaliana (100 kb) including 36 genes (MIPS code: At5g57700-At5g58000) was used in this study. The YAC was constructed from a 590 kb YAC, CIC9E2, using the chromosome-splitting technique then the NPTII and GFP genes, which are derived from plasmids pKY11 and pRS-T3, respectively, were inserted (Fig. 1) . The strain SH6286 was inoculated in 40 ml YPAD liquid medium in a flask. After shaking and incubation at 30°C for up to 16 h, the total yeast DNA was isolated following the yeast DNA isolation protocol (yeast DNA minipreparation method) (Burke et al. 2000) . The final concentration of yeast total DNA was adjusted to 1 mg/ml for the bioactive beads preparation.
The procedure for bio-active beads production followed the protocol described previously (Sone et al. 2002 , using the yeast total DNA instead of plasmids. Preparation of the tobacco BY-2 protoplasts and transformation of the protoplasts using the bio-active beads was also conducted according to the protocol described previously (Sone et al. 2002 .
Total RNA was extracted from the wild type and transformed tobacco BY-2 protoplasts. Approximately 2ϫ10 6 protoplasts were pulverized with liquid nitrogen and the RNA was isolated using an RNeasy Mini Kit (QIAGEN KK, Japan). The first-strand cDNAs were synthesized using a First-strand cDNA synthesis kit (Amersham Biosciences, USA). Heat shock protein 26 was employed to check the performance of the DNA synthesized from the isolated RNA. A 5Ј (AG-GAATCGGTCAATACACTACATGG) and 3Ј primer (ACTATCGGCGAGTACTTCTACACAG) were chosen to amplify the 543-bp fragment of the heat shock protein gene. The NPTII gene, GFP gene and 5 A. thaliana genes in the transferred YAC were chosen to detect their transciption. Because the BY-2 cells were derived from root cells, the genes expressed in A. thaliana root tissue were determined in the MPSS database (http://mpss.udel.edu/at/java.html). Eleven loci were found to be continuously expressed in A. thaliana roots. Of these, 5 loci were chosen to check transcription in the tobacco BY-2 cells. Five pairs of primers for the A. thaliana genes were designed and used for PCR (Table 1) . RT-PCR was performed as follows: one cycle of 95°C for 30 sec, 55°C for 30 sec, and 74°C for 30 sec; then 30 cycles of 95°C for 15 sec, 60°C for 15 sec and 74°C for 30 sec with KOD Dash polymerase (Toyobo, Osaka, Japan). 
Results
Transient GFP expression in the tobacco BY-2 protoplasts was observed after transformation using total yeast DNA immobilized in bio-active beads (Fig. 2) . Green signals at 24 and 48 h after transformation indicated that the GFP gene carried by the YAC was being successfully expressed. On average, after 7 runs of the experiments 1.6 signals were observed for the YAC while 1271.1 signals were observed for the plasmid control. The YAC transformation efficiency was almost 1000 times less than that of the plasmid DNA.
Transcription of the transferred genes in the tobacco BY-2 cells was confirmed by RT-PCR analysis (Fig. 3) . With the heat shock protein 26 gene, positive 543-bp fragment bands were observed in both the wild type and transformed protoplasts, respectively. A 680-bp fragment for the NPTII gene and a 626-bp fragment for the GFP gene were amplified only in the transformed protoplasts. With regards to the bands corresponding to the 5 A. thaliana genes, the fifth band (At5g57980) was confirmed to be the same size as the DNA-directed RNA polymerase II 23 kDa polypeptide gene (463 bp). Two bands (At5g57740 and At5g57850) were smaller than expected, namely, the ankyrin gene and branched-chain amino acid aminotransferase gene (629 bp and 593 bp). Sequence analysis showed that a 415 bp fragment amplified by the At57740 primers was an unknown sequence with sequence similarity with a Zn-dependent protease.
Discussion
In general, the NPTII gene, GUS gene, or HPT gene are used for YAC constructed in selection (Adam et al. 1997) . In this study, the GFP gene combined with the NPTII gene were used to construct a YAC for transformation confirmation. One or 2 days after transformation, transient GFP expression was observed. Such a detection method of transient expression offers an easy and quick way to confirm the YAC transformation process.
We confirmed the transcription of the transferred genes in the YAC by RT-PCR. The GFP gene, NPTII gene and 5 genes expressed in the root tissue of A. thaliana were chosen for expression analysis. The RT-PCR results showed that the NPTII gene and GFP gene on the left end of the YAC, and the At5g57980 gene on the right end of the YAC had been amplified. This suggests that all the YAC DNA fragments were transferred successfully; although the level of YAC DNA fragmentation was undetermined. The other 4 chosen genes were not transcribed. This indicates that the promoters of these 4 A. thaliana genes do not work in tobacco BY-2 cells.
Recently, the functions of a few A. thaliana promoters were tested in tobacco. The GAI gene controlled by the Arabidopsis GAI promoter was transferred into tobacco and expressed at a low level (Hynes et al. 2003) , while the Arabidopsis stress-inducibe rd29A gene promoter showed regulative expression in tobacco cells (Kasuga et al. 2004) . The synthesis of new promoters to replace the traditional CaMV 35S promoter is a challenge. Mod2A1T and Mod3A1T were designed and have been utilized instead of the CaMV 35S promoter in transgene expression in plants (Bhullar et al. 2003) . In this study, 1 gene out of 5 A. thaliana genes could transcribe in tobacco BY-2 cells. This result demonstrates that the At5g57980 gene promoter for DNA-directed RNA polymerase (Jendrisak and Guilfoyle 1978) , and A. thaliana cDNAs or genes have been reported for RNA polymerase II subunits with similarities to the yeast and human RPB families. The RNA polymerase sequence is conservative through yeast, humans and plants. Arabidopsis contains at least 4 genes that are thought to encode rpb5 or rpb5-like subunits (Larkin et al. 1999) . Because RNA polymerase is necessary for basic gene transcription mechanisms, RNA polymerase subunit genes might be expressed conservatively and organized with simple promoters. In this study, the At5g57980 gene promoter for DNA-directed RNA polymerase worked in both A. thaliana and tobacco BY-2 cells, indicating that this promoter has low species specificity and might work in various plant species.
